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The objective of this research project is to research and develop 3—-dimensional (3D)
steric fabrication technology of human heart wall as a partial myocardial organ
implantable with high biological functions and therapeutically acceptable thickness.
This 3D fabrication is practically realized only by fusing technologies of human stem
cell biology for heart regeneration and tissue engineering. To achieve the objective,
the following studies were carried out in the semester of 2016 by the research
cooperation of Kyoto University, Asahi Glass Co. Ltd., and iHeart Japan Corporation;
(i) the design and creation of human heart walls by the 3D fabrication technology,
(ii) the evaluation of human heart walls prepared by the 3D fabrication technology
with the animal models of heart disease, and (iii) the preparation aiming at the
commercialization of heart wall prepared by the 3D fabrication technology.



(i) The design and creation of human heart walls by the 3D fabrication technology
(Kyoto University, Asahi Glass Co. Ltd., and iHeart Japan Corporation)

First, the insertion effects of gelatin hydrogel microspheres (GHM) or hollow fibers
of fluorinated polymers (F-Fiber) were evaluated in the formation of layered construct
of cell sheets. Human mesenchymal stem cells or mixed cells composed of three types
of cardiovascular cell populations (myocardial, endothelial, and vascular mural cells)
simultaneously differentiated from human induced pluripotent stem (iPS) cells, were
used as cell sources for the sheet preparation. The extent of GHM covering and remaining
on the cell sheet was measured for the layered construct. In addition, the biological
activities of cells and the oxygen condition in the layered construct inserted with
or without GHM were investigated. It was found that the biological activities of cells
and the oxygen condition in the layered construct of cell sheets were positively
improved by the insertion of GHM. The oxygen condition and expression level of
intracellular substances related to metabolism were evaluated for the multiple layered
construct obtained by the further layering of layered constructs of cell sheet through
the insertion with F-Fiber. It was found that the conditions of oxygen and metabolism
were improved for the multiple layered construct even with a large thickness by the
insertion with F-fiber. Next, a preparation method of mixed cell sheet clinically
available was developed by changing cell sources to one line of iPS cells with
homozygous human leucocyte antigens (HLA) derived from healthy human. The method of
simultaneous differentiation into three types of cardiovascular cell populations and
sheet formation are being developed and optimized. Furthermore, considering the
clinical application, the methods to prepare a large layered construct of cell sheets
or to rapidly layer cell sheets are also being developed.

(ii) The evaluation of human heart walls prepared by the 3D fabrication technology
with the animal models of heart disease (Kyoto University and Asahi Glass Co. Ltd.)

First, various heart disease models were prepared and the therapeutic efficiency
of layered constructs of cell sheets from human mixed cells (layered construct of
human mixed cell sheets) for these models was evaluated. It was demonstrated that the
layered construct of human mixed cell sheets was effective for the models of acute
myocardial infarction in rats and swine as well as cardiomyopathy in hamsters. For the
development of product aiming at the clinical application, it is indispensable to
investigate the size and mechanical properties of layered constructs of cell sheets
as well as their preservation stabilities. The size, contractive force, and contractive
rate of layered construct of human mixed cell sheets were measured. Furthermore,
methods to 1in vitro evaluate the layered construct of human mixed cell sheets
considering connecting its in vivo efficiency, are being explored

(iii) The preparation aiming at the commercialization of heart wall prepared by the
3D fabrication technology (iHeart Japan Corporation)

Materials necessary to prepare the layered construct of human mixed cell sheets with
the clinical grade were listed while the possibility and feasibility were investigated
from the viewpoint of safety and quality for clinical use. Now appropriate solutions
are being addressed for the point to be improved
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